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Non-Destructive Imaging at University of Texas Austin 
Jackson School of Geosciences 

Cutting edge instrument offers multiple objective lenses for changing 
image magnification
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The University of Texas at Austin is home to one of the oldest and most well regarded geoscience 
programs in the country, highly ranked in geology, geophysics, energy, mineral and water 
resources, and earth sciences. Its Jackson School of Geosciences has a strong focus on using state-
of-the-art technology for data acquisition and analysis. A new advanced 3D X-ray microscope 
furnished by ZEISS is furthering that mission. By expanding non-destructive sub-micron scale 
imaging, the new instrument is enabling researchers from a broad range of specialties to see 
interior features of high interest as non-destructively as possible.

University is early champion of 
high-resolution X-ray computed 
tomography

In the early 1990s, the University of 
Texas at Austin’s Department of 
Geology was one of the first in the 
nation to use high resolution X-ray 
computed tomography
(HRXCT), initially for exploring 
crystalline rocks and fossils. In 1997 
the university purchased the first 
industrial CT scanner ever placed in 
an academic science department 
and established the High-Resolution 
X-ray Computed Tomography 
Facility at The University of Texas at 
Austin (UTCT).

Over the past few decades, 
the UTCT has placed an ever-
increasing emphasis on improved 
data quality and obtaining a wider 
range of visualization and 
quantification tools. UTCT supports 
an unusually wide range of research 
constituencies – including geology, 
paleontology, anthropology, 
biology, and engineering. Since 

1997, almost 1,000 peer-reviewed 
publications have used data from 
UTCT. 

Dr. Richard A Ketcham, First Mr. and 
Mrs. Charles E. Yager Professor of 
Geological Sciences, Jackson School 
of Geosciences – and director of 
UTCT – was actually on hand for 
much of that history. “I received 
my PhD at the University of Texas 
in 1995, paying my way through 
school by working for the professor 
who developed HRXCT technology 
for looking at crystal textures in 
metamorphic rocks,” says Ketcham. 
His own research is focused on 
developing computational methods 
to address data acquisition and 
processing, information mining, and 
numerical modeling. 

Seeking the best and most 
flexible technology for a multi-
user client base 

As director of UTCT, Dr. Ketcham 
continues to advocate for new and 
improved scanning tools. Ketcham 

explains that UTCT receives 
funding from the National 
Science Foundation’s (NSF) Earth 
Sciences Instrumentation and 
Facilities division in return for 
making the facility available for 
geoscientists around the country. 
As an NSF-supported multi-user 
facility, about two-thirds of the 
work is for clients not at the 
University of Texas. 

UTCT wanted the best 
technology it could afford for its 
multi-user client base. Another 
important factor in equipment 
selection is flexibility. “At the 
UTCT, we don’t know what’s 
coming – samples could be any 
size, density, or composition, 
so the instruments we select 
have to provide the best data 
for whatever comes through 
the door. We need a range of 
capabilities to handle many 
different kinds of samples rather 
than a scanner customized to 
one thing.”

In 2008, the lab purchased an 
Xradia MicroXCT 400, UTCT’s 
first micron-scale scanner. Says 
Ketcham, “I wrote a grant to 
buy a competitor’s scanner in 
2007-8 and when we compared 
test samples to vendor data, 
Xradia came back so much better 
that we moved budget items 
around so we could afford the 
Xradia scanner. The sharpness 
of imagery was obviously better 
with the Xradia, which is critical 
because we are competing 
with billion-dollar synchrotron 
instruments.” Image courtesy Dr. Richard A Ketcham



Ketcham used the Xradia MicroXCT 
scanner in his own research 
on carbonado diamonds, an 
enigmatic polycrystalline diamond 
variety found in placer deposits. 
Whereas most instruments utilize 
large detectors and geometric 
magnification from a small 
X-ray focal spot to achieve high 
resolution, the MicroXCT uses 
a set of specialized detectors 
consisting of various microscope 
objectives coupled to scintillating 
material. This arrangement 
produces very sharp imagery 
and facilitates “zooming in” to 
image small subvolumes within 
larger specimens by simply 
switching detectors. The high-
resolution X-ray CT enabled “3-D 
petrography” to reveal a number 
of previously unrecognized features 
in a 23-carat large specimen of 
carbonado diamond. [1]

Another of his study areas is 
looking at chondrules – some 
of the oldest objects in the solar 

system – to learn more about 
how and when they were formed. 
Ketcham and his former student 
Romy Hanna are using HRXCT to 
examine the 3D morphology and 
spatial relationships of fine-grained 
rims (FGRs) of Type I chondrules, 
quantify the sizes, shapes, and 
orientations of the chondrules and 
FGRs, and develop a new algorithm 
to examine the 3D variation of FGR 
thickness around each chondrule. 
[2] “Most meteorites that fall 
are full of chondrules and this 
technology allows us to look at 
their shapes and structures in 3D 
and find new clues about how they 
formed,” explains Ketcham. 

Newest scanner offers even 
faster sub-micron imaging of 
intact samples

Looking for 3D X-ray microscopy 
with even faster sub-micron 
imaging of intact samples, 
Ketcham placed the ZEISS Xradia 
620 Versa at the top of his wish list 
during the latest round of National 

Science Foundation Major 
Research Instrumentation grant 
requests. (ZEISS acquired Xradia 
in 2013) Further improving upon 
its predecessor the microXCT, 
the ZEISS Xradia 620 Versa also 
maintains the unique design 
that concentrates resolution at 
the detector end rather than 
from a small X-ray spot. This 
resolution at a distance (RaaD) 
capability ensures the highest 
resolution is maintained across 
longer working distances. The 
new system also provides a 
high-power X-ray source for 
significantly higher X-ray flux 
than its predecessor, leading to 
faster tomography scans and up 
to two times higher throughput 
– without compromising spatial 
resolution. 

Ketcham considers this RaaD 
capability to be extremely 
important, because users 
can zoom in on an interior 
volume in a larger sample 
and obtain extremely good 
data. “Researchers want to 
look at most samples as non-
destructively as possible – to 
look without cutting open so we 
can see interior features of high 
interest.” 

The new ZEISS Xradia 620 
Versa scanner came online in 
January 2020. According to the 
UTCT, it provides substantial 
improvements in resolution, data 
quality, and range of imaging 
capabilities over the older 
Xradia instrument. [3] Spatial 
resolution now extends down 
to 0.5 µm (from 1.5 µm) and 
voxel size down to 40 nm. The 
Versa’s X-ray source spans from 
30 to 160 kV (was 40-150 kV) 
and up to 25W (formerly 10W), 
providing for greater sample 
diversity and faster scan times 
without sacrificing imaging 
resolution.  The configuration 
of the system at UTCT includes 

Xradia MicroXCT scans of carbonado diamond at progressively higher resolution (A-C) and X-ray ener-
gies (D), and a 3D reconstruction of a crystal cluster encased within the diamond (E). 
Image courtesy Dr. Richard A Ketcham



0.4X, 4X, 20X and 40X detector 
objectives as well as the FPX 
flat panel extension large area 
detector, helping to cover a range 
of sample sizes from sub-mm up to 
14 cm.

UTCT’s Xradia 620 Versa is also 
equipped for X-ray diffraction 
contrast tomography (DCT), which 
determines the 3D distribution of 
crystallographic orientations in a 
solid by detecting and interpreting 
diffraction spots and tracing them 
back to their point of origin. 
It is the first non-synchrotron 
implementation of this unique 
capability, which has tremendous 
potential especially in the 
geological and materials sciences 
for small samples. The Versa also is 
equipped with a modular base that 
will accept a range of experimental 
cells for scanning samples 
under controlled environmental 
conditions such as temperature 
and pressure, allowing samples to 
be imaged at simulated subsurface 
geological conditions. 

Ketcham is now using the 
technology to look inside 
meteorites similar to the ones we 
expect to get from OSIRIS-Rex, a 
NASA asteroid-study and sample-
return mission. These meteorites 
are precious, one-of-a-kind samples 
and it is critical that researchers 
can look inside and get internal 
features without cutting them 
open.

Aside from these examples, 
Ketcham says the technology is 
useful in just about every geology 
sub-discipline. “We are using it for 
looking at irreplaceable samples 
like fossils, examining moving fluids 
for hydrology, oil, and geothermal 
research, as well as looking at ore 
deposits.”

Multi-user facility benefits from 
faster image acquisition

As a shared use facility, UTCT is 
getting maximum value from the 
faster image acquisition of the 
versatile Xradia 620 Versa. By 
serving more users with different 

requirements and improving 
instrument utilization, UTCT is 
fulfilling its mission of leveraging 
its history of innovation and 
leadership in X-ray tomographic 
imaging to drive new research 
and discovery. 
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ZEISS Xradia 620 Versa scanner came online in January 2020, providing substantial improvements in 
resolution, data quality, and range of imaging capabilities over the Xradia MicroXCT
Image courtesy UTCT



Carl Zeiss Microscopy GmbH
07745 Jena, Germany
microscopy@zeiss.com
www.zeiss.com/labscope

Download Labscope for iOS

Download Labscope for Windows
Runs on Windows 7 (64-bit) and 10 (64-bit)
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